Results: There was a positive correlation between cadmium and serum free thyroxine and triiodothyronine levels. There was a negative correlation between cadmium and serum alanine aminotransferase and vitamin B12 levels. Discussion: Cadmium exposure was found to lead to an increase in thyroid hormone levels.
. Cadmium (Cd2+) is a heavy metal that is produced due to pollution from several sources. Occupational exposure can result from the amounts released into the environment and from the end-products related to mining, smelting, and electroplating. Also, exposure results from the profound use of consumer products such as nickel/ Cd2+ batteries, pigments, and plastics. Cadmium toxicity is associated with elevated incidences of chronic kidney disease, hypertension, osteoporosis, and leukemia, as well as cancers of the lung, kidney, urinary bladder, pancreas, breast, and prostate [2] . Thyroid hormones (THs) play a critical role in the functions of nervous, reproductive, and cardiovascular systems in both children and adults [3] . Iodothyronine deiodinases constitute a group of selenoproteins which initiate or terminate thyroid hormone action. Three iodotronine deiodinases, D1 and D2, were identified and they are functional in catalyzing the outer and/or the inner ring deiodination in mammals. The Type 1 Deiodinase (D1) is responsible for the removal of iodines from iodothyronines [4] . Although it is highly expressed in various tissues, hepatic D1 activity is generally considered to be the most important source of plasma triiodothyronine (T3) [5] . In recent years, the endocrine-disrupting property of cadmium has been observed many times in animal studies [6, 7] . It has been demonstrated that type I 5'-deiodinase (5' DI) levels decrease with exposure to cadmium and other heavy metals [8] . The molecular mechanisms of toxic effects of cadmium have not yet been completely understood [9] . The overall effect is likely to be the synergism of several proposed mechanisms such as oxidative stress [10] , apopitosis [11] , and interference with cell functions [12] . It has been concluded that cadmium has the affinity to concentrate in the thyroid gland in addition to the liver, kidneys, and pancreas. Whole blood cadmium levels have a positive correlation with thyroid gland accumulation. Cadmium causes oxidative stress and affects the tissue by indirect mechanisms. Mitochondria are considered to be the main intracellular targets for cadmium [13] . Also, the thyroid-disrupting effect of cadmium has been reported as structurally degrading the rough endoplasmic reticulum of this tissue. This process may also lead to inflation in mitochondria [14] . In our study, our aim was to determine the serum thyroid hormone levels and metabolic status of cadmium-exposed workers in several industrial sectors and provide information about cadmium toxicity.
Material And Method

Study Population
The patients who were admitted to Ankara Occupational Diseases Hospital with a suspicion of cadmium exposure ,between January 2011 and December 2013 were included in this study. A total of 1724 participants (517 painters, 344 welders, 431 miners, and 432 smelters) with an occupational exposure more than 10 years and for whom blood cadmium levels for the previous 3-year period were obtained from patient records were included in the study. The subjects with diagnosis of a chronic illness including chronic renal failure, acute or chronic hepatitis, or thyroid disease were excluded. The age range was 18 to 70 years, with a median age of 38 years. The study was approved by the Kecioren Training and Education Hospital Ethics Committee on 22 
Sampling and Laboratory Procedures
Fasting whole blood samples were collected from the participants into ethylenediaminetetraacetic acid (EDTA) containing tubes. Whole blood cadmium levels were determined using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) (Agilent 7700 series, Tokyo, Japan). Blood samples were digested by the microwave induced acid digestion method. A standard solution of cadmium was prepared by dilution of certified standard solutions (High-Purity Standards, Charleston, SC, USA). Two levels of quality control materials were used (Seronorm, Billingstad, Norway) [15] . The results were expressed as micrograms per liter. Biochemical parameters (Free T3, T4, TSH, folic acid, vitamin B12, AST, and ALT) were analyzed in Roche Cobas 6000 e601/c501 electrochemiluminescence hybride analyzer (Roche, USA). All the participiants of this study gave informed consent. The participiants were classified into six groups according to the whole blood cadmium levels. 
Statistical Analysis
The statistical analysis was performed using SPSS v16 software. The statistical data consists of the median, minimum and maximum blood levels. Kolmogorov-Smirnov test was performed to verify normality and differences between the groups were compared using Kruskal-Wallis and Mann Whitney U tests for non-parametric variables. p<0.05 was considered to be significant. Spearman correlation test was performed for whole blood cadmium and serum free T3, thyroxine (T4), Vitamin B12, and ALT. Table 1 . There was no significant difference for serum thyroidstimulating hormone (TSH), aspartate aminotransferase (AST), and folic acid levels between the six groups (p=0.187, p=0.193 and p=0.467, respectively). Serum vitamin B12 and serum ALT levels were higher in Group 1 compared to other groups. Serum free T3 and T4 levels were significantly lower in Group 1 compared to other groups (p<0.001) (Figure 1 ). There was a positive correlation between cadmium and serum free T4 and T3 levels (r=0.167, p<0.001and r=0.159, p<0.001, respectively) ( Figure 2 ). There was no correlation between whole blood cadmium and serum TSH levels (Figure 2 ) (r=0.026, p=0.826). There was a negative correlation between cadmium and serum vitamin B12 levels ( Figure 2 ) (r= -0.112, p<0.001).
Results
Biochemical and demographic parameters are presented in
Discussion
Increasing use of metals in anthropogenic activities have led to toxic metal exposure. In recent years, many environmental and industrial chemicals have been identified as having a disrupting effect on the human endocrine system [16] . Even though the underlying mechanism of toxic effects of cadmium on thyroid functions is unknown, several studies have demonstrated the endocrine-disrupting effect of cadmium on thyroid hormones. There are several animal studies on cadmium-related thyroid dysfunction. Gupta et al. administered cadmium chloride to chickens for 15 days and demonstrated that this exposure decreased serum T3 concentration and hepatic 5'-monodeiodinase (5'D-I) and superoxide dismutase (SOD) activities (68.75%, 90.47%, and 20.81%, respectively). Administration of the antioxidant vitamin E (α-tocopherol, 5 mg/kg weight on alternate days) was reported as preventing cadmium-induced increase in lipid peroxidation [17] . In another experimental study, there were inconsistent results. Assessing the effect of lead and cadmium on endocrine status in cows naturally exposed to lead and cadmium in different industrial areas, the correlation between thyroidal hormones and the whole blood cadmium concentrations were found to be not significant (r = -0.079 and -0.48; P > 0.05). However, there was a positive correlation between blood lead and plasma T3 (r = 0.287) and T4 (r = 0.173) [18] . In a study to determine the effect of long-term, low-dose cadmium administration on thyroid functions in sheep, it was found that serum levels of T3, T4, free T3, free T4, and TSH significantly decreased in cadmium-treated sheep compared to a control group (p<0.05) [19] (Table 2) . Although the age range for this study was wide (18-70 years), there has been no specific reference range of thyroid hormone levels. In human studies there are some conflicting results among different studies. In a study group with a goiter diagnosis, cadmium was detected only in nodular goiter samples (n=65) [20] . In another study, cadmium in cord blood and TSH concentrations in neonatal blood were found to be significantly negatively correlated [21] . In a Japanese study, 35 inhabitants of the cadmium-polluted Kakehashi River area in Ishikawa Prefecture were compared to 60 inhabitants of a non-polluted area. T4 levels of females were found to be significantly lower while T3 levels of both genders were significantly higher than in controls [22] . Another study reported no association between concentrations of heavy metals and thyroid hormone levels [23] . In Germany, as part of an epidemiological study on exposure to a toxic waste incineration plant, Osius's group investigated the relation between blood concentrations of polychlorinated biphenyls (PCBs), lead, cadmium, mercury, and thyroid hormone status. Blood cadmium concentration was associated with increasing TSH and diminishing FT4 [24] . In an evaluation of the relationship between cadmium exposure and thyroid hormones in the National Health and Nutrition Examination Survey (NHANES) 2007-2008, urinary cadmium was found to be positively associated with total T3, total T4, free T3, and thyroglobulin (Tg) [3] (Table 3) . In this study, we found a positive correlation between whole blood cadmium levels and serum thyroid hormones. Serum vitamin B12 levels were inversely correlated with cadmium exposure. This finding may indicate that high levels of cadmium can accelerate the elimination process of vitamin B12 [25] . This might be an explanation for the lower serum vitamin B12 levels in cadmium-exposed groups. Also in this study, there was a negative and positive correlation between cadmium and serum ALT. Further studies must be performed to establish this association.
Conclusion
This study found a positive correlation between whole blood cadmium levels and serum thyroid hormones. The alterations in these hormone levels might be due to a blockage in the peripheral conversion step. Although serum TSH levels were found not to be statistically significant between groups, a counteractivation of thyroid stimulation and thyroid hormone (free T3 and free T4) release may occur as a compensation mechanism.
